Duchenne muscular dystrophy (DMD) is a progressive muscle wasting disease caused by X-linked inherited mutations in the DYSTROPHIN (DMD) gene. Absence of dystrophin protein from the sarcolemma causes severe muscle degeneration, fibrosis, and inflammation, ultimately leading to cardiorespiratory failure and premature death. Although there are several promising strategies under investigation to restore dystrophin protein expression, there is currently no cure for DMD, and identification of genetic modifiers as potential targets represents an alternative therapeutic strategy. In a Brazilian golden retriever muscular dystrophy (GRMD) dog colony, two related dogs demonstrated strikingly mild dystrophic phenotypes compared with those typically observed in severely affected GRMD dogs despite lacking dystrophin. Microarray analysis of these "escaper" dogs revealed reduced expression of phosphatidylinositol transfer protein-α (PITPNA) in escaper versus severely affected GRMD dogs. Based on these findings, we decided to pursue investigation of modulation of PITPNA expression on dystrophic pathology in GRMD dogs, dystrophindeficient sapje zebrafish, and human DMD myogenic cells. In GRMD dogs, decreased expression of Pitpna was associated with increased phosphorylated Akt (pAkt) expression and decreased PTEN levels. PITPNA knockdown by injection of morpholino oligonucleotides in sapje zebrafish also increased pAkt, rescued the abnormal muscle phenotype, and improved long-term sapje mutant survival. In DMD myotubes, PITPNA knockdown by lentiviral shRNA increased pAkt and increased myoblast fusion index. Overall, our findings suggest PIPTNA as a disease modifier that accords benefits to the abnormal signaling, morphology, and function of dystrophic skeletal muscle, and may be a target for DMD and related neuromuscular diseases.
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Duchenne muscular dystrophy | genetic modifier | phosphatidylinositol transfer protein-α | skeletal muscle D uchenne muscular dystrophy (DMD) is a progressive, X-linked muscle wasting disease caused by mutations in the DYSTROPHIN gene (1, 2) . Absence of dystrophin protein from the muscle sarcolemma disrupts the link between the cytoskeleton and extracellular matrix, causing a multitude of pathological effects on muscle mechanics, signaling, and metabolic pathways. These consequences render myofibers susceptible to contractioninduced injury and cause severe muscle degeneration, fibrosis, and inflammation. Patients with DMD typically lose ambulation by age 12, and cardiorespiratory failure leads to premature death by the third decade of life (3) . Despite advances in palliative support and ongoing efforts to restore dystrophin expression, there is no cure for DMD. Therefore, identification of potential genetic modifiers, which could be targets for disease therapy and discovery, are of significant interest.
Identification of genetic modifiers that reduce the pathogenic features of DMD is an emerging gateway to new therapeutic targets. Modifiers identified include osteopontin, encoded by the SPP1 gene, which is highly up-regulated in dystrophic human and mouse muscle (4, 5) , and LTBP4, which regulates the availability of latent TGFβ and may mediate dilated cardiomyopathy in patients with DMD (6) . Genetic ablation of osteopontin in mdx mice results in dramatic reduction of fibrosis and improvement of strength and pathophysiology of dystrophic muscle (4) . Polymorphisms in both the human SPP1 and LTBP4 genes have been shown to correlate with outcomes in DMD, including rate of disease progression, loss of ambulation, and grip strength (7) (8) (9) (10) . Most recently, a common null polymorphism (R577X) in ACTN3 was found to result in significantly reduced muscle strength in young, ambulant patients with DMD, but protect from stretchinduced eccentric damage with age in α-actinin-3/mdx double knockout mice (11) . In addition to these modifiers, previous Significance Duchenne muscular dystrophy (DMD) is a genetic X-linked neuromuscular disease characterized by severe muscle degeneration caused by absence of the protein dystrophin. In the golden retriever muscular dystrophy dog model of DMD, two atypical dogs exhibited significantly milder phenotypes compared with their severely affected littermates despite lacking dystrophin. These two notable dogs were found to have decreased expression of phosphatidylinositol transfer protein-α (PITPNA) compared with severely affected dogs. Decreased expression of PITPNA in dystrophin-deficient zebrafish and in human DMD myogenic cells ameliorated several aspects of the dystrophic phenotype, improving muscle structure, increasing survival, and increasing levels of phosphorylated Akt. Our findings present PITPNA as a genetic modifier of DMD and potential target for future therapies. work in our laboratory revealed a spontaneously occurring mutation in the promoter of Jagged1 that increased its expression in "escaper" golden retriever muscular dystrophy (GRMD) dogs, which presented with remarkably mild symptoms despite being dystrophin deficient (12) . Normally, GRMD dogs exhibit severe pathology similar to patients with DMD, including early progressive muscle degeneration, fibrosis, and elevated serum creatine kinase (CK) (13) . However, the two escaper dogs identified in a Brazilian GRMD colony remained ambulatory and had normal lifespans (14) . In vitro analysis showed that escaper dog muscle cells had increased proliferation, and overexpression of jagged1 in dystrophin-deficient zebrafish rescued the muscle phenotype (15) . Further microarray analysis of GRMD dog muscle biopsies also revealed phosphatidylinositol transfer protein-α (PITPNA) as differentially expressed in the escaper dogs compared with severely affected dogs, posing it as a potential disease modifier (15) . By identifying and further investigating the mechanistic links between these genetic modifiers and dystrophic pathology, we reveal avenues for potential therapeutics for DMD.
PITPs mediate the transfer of phosphatidylinositol between two membrane compartments, thereby regulating lipid metabolism, membrane trafficking, and signaling in eukaryotic cells (16) . PITPNA has largely been studied in neurons, where it is an essential component of PLC signaling and neurite outgrowth, and morpholino-mediated pitpnaa knockdown in zebrafish embryos leads to dose-dependent defects in motor neuron axons (17) . Pitpnaa is the originally identified gene encoding Pitpna in zebrafish, and a second duplicate copy has just recently been discovered, termed pitpnab. In mice, loss-of-function mutations of the gene encoding PITPNA cause dose-sensitive phenotypes, including neurological dysfunction, spinocerebellar neurodegeneration, and premature death (18) . PITPNA has also been shown to control extension of laminin-dependent axonal processes by regulating phosphatidylinositol 3-kinase (PI3K)-dependent signaling events during neurite remodeling (19) . The PI3K complex catalyzes the production of lipid molecules that trigger the attachment of Akt to the plasma membrane, where it subsequently becomes fully activated by phosphorylation at Ser473 (20) . PITPNA modulation of PI3K/Akt signaling is of interest, given the known central role of Akt in cell growth, metabolism, and apoptosis in addition to previous studies showing Akt1 to induce muscle hypertrophy (21) and differentiation of myoblasts into fused myofibers (22) . In mdx mice, overexpression of constitutively active Akt results in improved muscle force generation (23, 24) and Akt activation associated with overexpression of the transmembrane protein sarcospan has also been shown to ameliorate dystrophic pathology (25) .
In the present study, we investigated PITPNA as a modulator of dystrophic pathology and associated aberrant signaling in three DMD models: the GRMD dog, dystrophin-deficient sapje zebrafish (Danio rerio), and primary human DMD patient myogenic cells. We report that PITPNA repression is associated with decreased PTEN and increased phosphorylated-Akt (pAkt) expression levels. In addition, morpholino-mediated pitpnaa knockdown rescues the abnormal muscle structure normally present in homozygous-null sapje zebrafish and improves long-term survival. Finally, PITPNA knockdown by lentiviral shRNA in human DMD cells increases myoblast fusion index. These data suggest that decreased expression of PITPNA ameliorates the pathological consequences of dystrophin deficiency and may be a therapeutic entry point for the treatment of DMD.
Results

GRMD Escaper Dogs
Have Decreased PITPNA and PTEN Expression. In a Brazilian GRMD colony, two escaper dogs that eluded many of the pathological consequences of dystrophin deficiency and exhibited a very mild phenotype were identified. To identify potential compensatory mechanisms in these dogs, we compared gene expression by Agilent mRNA SurePrint Canine arrays between RNA isolated from the muscles of the two escaper dogs, four related severely affected GRMD dogs, and three normal dogs at 2 y of age. We have previously described Jagged1 as differentially expressed with 2.5-fold increased expression in the two escaper dogs (15) . Among the other differentially expressed genes, Pitpna was decreased in the escaper dogs relative to severely affected dogs and noted as a potential modifier (Fig. 1A) . Further qRT-PCR analysis of these samples confirmed that the escaper dogs had significantly lower Pitpna expression than severely affected dogs (P = 0.0003) and normal dogs (P = 0.043), and that severely affected dogs had significantly higher Pitpna expression compared with normal dogs (P = 0.0088) (Fig. 1B) . Protein analysis of Pitpna in muscle tissue confirmed the mRNA findings and showed increased PTEN and decreased pAkt in severely affected GRMD muscle, which has been shown previously (26) . Escaper dogs showed the opposite expression pattern (Fig. 1C) , further suggesting PITPNA as a potentially beneficial signaling modifier.
Pitpnaa Knockdown in sapje Zebrafish by Morpholino Injection. We evaluated the effect of Pitpna knockdown in the dystrophindeficient sapje zebrafish model of DMD by injection of antisense morpholino oligonucleotides (MOs) targeting pitpnaa mRNA (27) , in parallel with control MOs. Given that loss-of-function mutations of the gene encoding Pitpnaa result in a range of dosage-sensitive phenotypes and premature death in zebrafish and mice (17, 18) , we injected a range of pitpnaa morpholino doses into one-cell-stage sapje embryos. Injection of pitpnaa MO elicited dose-dependent down-regulation of Pitpna protein expression, with 3 ng of MO rendering Pitpna undetectable by Western blot and causing severe morphological defects and premature death as anticipated ( Fig. 2 A  and B) . Given the observed signaling profile observed in the escaper GRMD dogs and previous evidence that the manipulation of Pitpna causes dysregulation of the PTEN/Akt pathway (19), we assayed this pathway in injected sapje fish. As observed in mildly affected GRMD dogs, sapje fish injected with pitpnaa morpholino showed significantly decreased PTEN expression and modestly increased pAkt expression (Fig. 2B ), further suggesting a role for Pitpna in modifying the PI3K/Akt pathway.
In vivo pitpnaa Knockdown Rescues the sapje Muscle Phenotype.
Dystrophin-deficient homozygous null sapje zebrafish exhibit abnormal muscle structure (termed hereon as "affected" fish) on 4 d postfertilization (dpf) observable by birefringence assay (28, 29) , in which the transparent larvae are visualized under polarized light (Fig. 3A) . Therefore, we used this characteristic to assess whether pitpnaa down-regulation could prevent manifestation of the muscle phenotype. Because homozygous null sapje fish do not survive to sexual maturity, we mated heterozygous sapje fish, which normally produce a Mendelian ratio of ∼25% affected offspring, and compared cohorts injected with 1 ng of either control MO or pitpnaa MO. The birefringence assay showed that fish injected with pitpnaa MO had a significantly lower percent of affected fish (12.5%) compared with control MO (23%) (Fig. 3B) . The presence or absence of the muscle phenotype was also noted by immunofluorescent staining of larvae bodies at 4 dpf for myosin heavy chain (Fig. 3A) , and subsequent genotyping confirmed that a subset of pitpnaa MO-injected fish with normal muscle structure were indeed homozygous null escaper fish. In addition, injection with the control MO did not alter expected genotype ratios or death rates compared with noninjected controls (Fig. S1 ).
In Vivo pitpnaa Knockdown Improves sapje Swim Performance and Survival. To determine the effect of decreased Pitpna expression on muscle function, swimming performance of control MO-injected versus pitpnaa MO-injected sapje fish was assessed on the Noldus DanioVision swim tracking apparatus. Individual fish were tracked in wells of a 24-well plate for a 15-min period at 4 dpf. The pitpnaa MO-injected homozygous null fish had significantly greater swim time, distance, and velocity compared with control MOinjected null fish (Fig. 3C and Fig. S2 A and B) . The absence of dystrophin in homozygous null sapje fish causes premature death beginning around 10-12 dpf. To assess the effect of Pitpna Fig. 2 . Morpholino-mediated pitpnaa knockdown in zebrafish elicits dose-dependent changes in morphology and signaling. (A) Phase contrast images of sapje larvae injected with pitpnaa MO or control MO at 1 and 4 dpf. Embryos injected with 3 ng of pitpnaa MO at the onecell stage showed abnormal development and were not viable, whereas 1 ng of pitpnaa MO did not negatively impact development. (B) Western blot showing decreased Pitpna expression with increasing doses of pitpnaa MO injected into sapje embryos. Protein lysates were harvested from sapje larvae at 4 dpf. Experiment performed in triplicate, n = 300 per replicate. Fig. 3 . Pitpnaa knockdown rescues sapje zebrafish muscle phenotype, improves swim velocity, and increases long-term survival. (A) Birefringence assay (Upper) and immunofluorescent staining for myosin heavy chain (Lower) showing the typical abnormal muscle phenotype of affected homozygous-null sapje fish at 4 dpf. Injection of pitpnaa MO at the one-cell stage prevented manifestation of the muscle phenotype in some homozygous-null fish, termed escaper fish, which showed healthy muscle morphology comparable to normal fish. [Scale bars: 1 mm (Upper), 100 μm (Lower).] (B) Percent of affected sapje fish as determined by birefringence assay at 4 dpf. Mating of heterozygous sapje fish normally yields ∼25% of affected embryos. Cohorts injected with 1 ng of pitpnaa MO at the one-cell stage showed significantly lower percentages of affected fish compared with control MO. Ten replicate experiments were performed, n = 200-300 per replicate. Bars represent means ± SDM. *P < 0.0001 by Student's t test. (C) Swim velocity of sapje fish tracked on the DanioVision system. Injection with 1 ng of pitpnaa MO increased swim velocity of affected fish during a 15-min tracking period performed at 4 dpf. Bars represent means ± SEM; *P < 0.05 by two-way ANOVA and Bonferroni post hoc test. (D) Long-term survival assay showing increased survival of affected fish injected with 1 ng of pitpnaa MO at the one-cell stage. Affected fish were identified by birefringence assay at 4 dpf and followed until 30 dpf. Data represent means ± SDM. *P < 0.05, **P < 0.002 versus noninjected by Student's t test.
down-regulation in rescuing the early death phenotype, we tracked the survival of pitpnaa MO-injected and noninjected affected sapje fish until 30 dpf. Embryos injected with pitpnaa MO exhibited significantly increased survival from 17 dpf onward compared with noninjected controls (Fig. 3D) . Taken together, these results suggest that decreased Pitpna expression improves the phenotype of dystrophin-deficient zebrafish.
PITPNA Knockdown in Human DMD Myoblasts Increases pAkt and
Fusion Index. To determine the effect of decreased PITPNA expression in human muscle, we generated a human PITPNA doxycycline (Dox)-inducible shRNAi lentivirus (pINDUCER10 backbone) (30) and transduced the construct into primary myoblasts derived from human patients with DMD and from normal muscle biopsies to create stable muscle cell lines. PITPNA shRNA and control myoblasts were induced to differentiate into myotubes in media with or without 0.25 μg/mL of doxycycline to induce shRNA hairpin expression. Expression of the shRNA hairpin was confirmed by Western blotting, which showed significant knockdown of PITPNA and expression of the tRFP tag (Fig. 4 A and B) . Similar to our observations in the escaper GRMD dogs and pitpnaa MO-injected sapje fish, PITPNA knockdown significantly decreased PTEN and increased pAKT (Ser473) in DMD myotubes (Fig. 4 C and D) . Doxycycline-treated DMD myotubes also showed significantly increased fusion index approaching normal myotube levels (Fig. 4 E and F) . Taken together, these results demonstrate that targeted inhibition of PITPNA in dystrophic muscle cells can modulate pAkt expression and improve muscle cell differentiation. Discussion Identification of genetic modifiers of Duchenne muscular dystrophy is an important component of understanding the disease process and identifying potential therapeutic targets. In our previous work, Pitpna was identified as differentially expressed in two escaper GRMD dogs, which exhibited a markedly milder phenotype compared with that normally associated with dystrophin deficiency. However, the role of PITPNA in skeletal muscle development and disease progression is unknown. In the present study, we have investigated PITPNA as a disease modifier in three models of DMD. Our results position PITPNA as an intriguing mediator of signaling and disease pathogenesis.
We were initially drawn to PITPNA due to its being the one gene only differentially expressed in escaper versus severe GRMD dogs that showed the same expression level on escaper versus normal dogs. However, we did not find a genetic association with the Pitpna allele in the linkage analysis, which instead led us to first investigate Jagged1 (15), one of the 65 genes that were up-regulated or down-regulated when comparing escapers to both severe and normal dogs. Despite a lack of genetic association at the Pitpna locus, we decided to further analyze its role in dystrophic muscle, which is likely via effects on secondary genes involved in the escaper phenotype. Pitpna was also noted because of its involvement in PI3K/Akt signaling. PITPs such as PITPNA perform the critical function of transferring phosphatidylinositol between membrane compartments to mediate membrane trafficking and signaling in eukaryotic cells (16, 31) . Specifically, PITPNA has been shown to regulate PI3K/Akt signaling during axonal extension in neurons (19) . We found that in escaper GRMD dogs, sapje zebrafish, and DMD muscle cells, decreased PITPNA expression was associated with decreased PTEN and increased Akt signaling. These results were especially interesting, given that knockdown of PTEN in muscle has been shown to prevent muscle wasting by stimulating muscle hypertrophy mediated through pAkt/mTOR signaling (32) (33) (34) . In addition, induction of pAkt is known to play a significant role in muscle growth and metabolism, impacting several downstream target genes that promote muscle hypertrophy (35, 36) , vascularization (37) , and inhibit apoptosis (38) . Conversely, aberrant PTEN signaling has been attributed to PI3K/Akt signaling dysregulation in severely affected GRMD dogs, which exhibit depressed Akt activation (26) .
Increased Akt activity has been shown to ameliorate pathogenesis specifically within the context of muscular dystrophy. In mdx mice, overexpression of constitutively active Akt results in improved muscle force generation (23) and promotes sarcolemma stability by increasing expression of integrin and the dystrophin homolog utrophin (24) . Further, Akt activation associated with overexpression of sarcospan has also been shown to ameliorate dystrophic pathology (25) . Given the many benefits of increased Akt activity on dystrophic muscle, we were not surprised that pitpna down-regulation prevented manifestation of the muscle phenotype in our sapje zebrafish. Normally, these fish present with disorganized muscle structure on 4 dpf and begin to die precipitously around 10 dpf. The pitpnaa MO injection also improved the percentage of sapje fish that survived through 30 dpf, demonstrating that decreased Pitpna expression was beneficial to performance even when it did not prevent development of the muscle phenotype.
We repressed PITPNA expression in primary human muscle cells via doxycycline-inducible lentiviral delivery of a PITPNA shRNA and induced the stable myoblasts to differentiate into myotubes. Induction of the PITPNA shRNA with doxycycline effectively decreased PITPNA protein and PTEN expression and increased pAkt in DMD myotubes. Several previous studies have demonstrated that enhancing Akt activation promotes muscle hypertrophy (21, 23, 24, 39) and differentiation of myoblasts into fused myotubes (22) . Accordingly, we found that myotubes expressing the PITPNA shRNA had significantly increased fusion index compared with controls. Given these findings, we believe that PITPNA is working, at least in part, through modulation of Akt signaling to ameliorate the dystrophic phenotype.
Despite our positive effects observed with decreased PITPNA expression, potential negative consequences of its repression must be carefully considered and monitored due to developmental defects associated with its strong knockdown and complete knockout. For example, loss-of-function mutations of the gene encoding Pitpna in mice causes dose-sensitive phenotypes, including neurological dysfunction, spinocerebellar neurodegeneration, and premature death (18) . Hence, it was not surprising that injection of high doses of pitpnaa morpholino elicited severe morphological deformities and death in the sapje zebrafish. If PITPNA modulation is pursued as a therapeutic target, care must be taken not to compromise its potentially essential functions outside of skeletal muscle, and muscle-specific PITPNA modulation should be explored in future studies. Although PITPNA has been shown to be critical in neurons, it was not found to have an essential housekeeping function in murine embryonic stem cells (40) , suggesting that the benefits elicited by its down-regulation may not be mediated by its role in muscle stem cells. Finally, given our observed impact of PITPNA modulation on Akt activity, the possibility for inducing unregulated cell growth must also be considered.
DMD is a multifaceted disease that will likely require a multifaceted approach to address the many features of its pathology. Although there are several promising therapeutic approaches under investigation for DMD involving the restoration of dystrophin expression at the sarcolemma, identification of disease modifiers enhances our understanding of the disease process and elevates our repertoire of potential therapeutic targets. Here, we present PITPNA as a genetic modulator of the dystrophic process, which when repressed, elicits positive effects on DMD pathogenesis via the Akt signaling pathway. These data position PITPNA as a potential DMD therapeutic target that should be carefully considered as part of a combinatorial treatment strategy.
Methods
GRMD Dogs. GRMD dogs were housed and cared for at the University of São Paulo as previously described (41) in accordance with the animal research ethics committee of the Biosciences Institute, University of São Paulo (034/ 2005). Total mRNA was extracted from muscle biopsies of two escaper, four severely affected GRMD dogs, and three age-matched wild-type normal dogs. The Two-Color Microarray-Based Gene Expression Analysis-Low Input Quick Amp Labeling protocol (Agilent Technologies) was used with the SurePrint Canine 4 × 44K (Agilent Technologies) Microarray (GEO Platform GPL11351). Arrays were processed with standard procedures as previously described (15) . Genes differentially expressed between normal, escaper, and severely affected animals were identified with the significance analysis of microarray (SAM) statistical approach (42) . False discovery rate (FDR) was 5%. Quantitative real-time PCR was performed using 50 ng of cDNA with β-actin as an internal standard. GRMD muscle sample proteins were extracted using RIPA buffer (Boston BioProducts) with proteinase inhibitors (Roche). Soluble proteins were resolved using electrophoresis and transferred to nitrocellulose membranes (Hybond, Amersham Biosciences).
Zebrafish. Zebrafish were housed in the Boston Children's Hospital Aquatics Facility under the animal protocol number 09-10-1534R and maintained as previously described (43) in accordance with the Institutional Animal Care and Use Committee. Genomic DNA extracted from fish was used as the PCR template with the following primer set: forward primer 5′-CTGGTTA-CATTCTGAGAGACTTTC-3′ and reverse primer 5′-AGCCAGCTGAACCAAT-TAACTCAC-3′; as described previously (44) . To knockdown pitpnaa, sapje heterozygous fish were mated, and the resulting fertilized one-cell-stage embryos were injected with a pitpnaa MO (5′-CATGTTATCTCCTTTGCC-GCCCCGT-3′) (17) . Knockdown of zebrafish Pitpna was confirmed by Western blot. Approximately 200-300 embryos were injected in a minimum of three replicate experiments per assay. Zebrafish proteins were extracted from a total of 50 4-dpf fish using RIPA buffer (Boston BioProducts) with proteinase inhibitors (Roche). Soluble proteins were resolved using electrophoresis and transferred to nitrocellulose membranes. The sapje dystrophic muscle phenotype was detected by using a birefringence assay as described previously (45) . Immunostaining was performed in 4-dpf embryos with anti-slow muscle myosin heavy chain antibody (F59, Developmental Studies Hybridoma Bank; 1:50). The embryos were placed in 3% methyl cellulose or mounted on a glass slide and observed with fluorescent microscopes. To analyze the motor function of the zebrafish, we used the Noldus DanioVision swim tracking apparatus (46) . The movement data from each larva were collected using the EthoVision XT8 software, and the detection threshold was set to detect moving red pixels. For the long-term survival assay, control and pitpnaa MO-injected sapje zebrafish were screened by birefringence on 4 dpf, and affected fish were tracked over a 30-d period. The number of surviving fish was evaluated every 3 d.
Human Samples. Human tissue was collected and deidentified under the protocol 03-12-205R approved by the Committee of Clinical Investigation at Boston Children's Hospital. All patients gave their written and oral consent before surgery, and all protocols were approved by the Boston Children's Hospital human subjects internal review board (protocol 03-12-205R). Tissue from three normal and three patients with DMD was snap frozen and primary muscle cells were dissociated and frozen as described previously (47, 48) . To knockdown PITPNA, we infected primary myoblasts with a doxycycline-inducible shRNAi lentivirus (49) targeting human PITPNA mRNA (5′-AATGCTTACCCC-TACTGCAGA-3′) packaged into the pINDUCER10 lentivector (30) . PITPNA knockdown and tRFP expression was confirmed by Western blot. Human myoblasts (48) were cultured on plates coated with 0.1% gelatin in proliferation medium, then switched to differentiation medium [2% horse serum (Gibco)/1% anti-anti/DMEM] for 7 d. Nuclei were counted from 10 random fields per sample, and fusion index was calculated as the percentage of nuclei within fused myotubes per total nuclei. Human myotubes were collected and lysed in RIPA buffer with protease inhibitor mixture. Lysates were separated by SDS/PAGE and transferred to PVDF membranes (Life Technologies).
Statistical Analysis. All results are shown as means ± SEM and sampling distribution of the mean (SDM) as stated. Statistical analyses of the data were performed using Microsoft Excel and Prism GraphPad to implement Student's t test and one-and two-way ANOVA followed by Bonferroni post hoc test. P values of <0.05 were considered to be statistically significant.
SI Methods are also available.
